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ABSTRACT 
Long-term selection for increased milk production in the US dairy industry has 
contributed to a decline in fitness traits of high producing cows. To achieve the increase 
in milk yield, cows must provide sufficient energy through their diet and/or tissue 
mobilization to support the energy demands of lactation. The objectives of this study 
were to evaluate indicators of energy mobilization in cows selected for high versus. 
average production of milk components, to define the relationships between these 
indicators and production traits, and to evaluate mRNA abundance of selected genes that 
play a significant role in regulating energy utilization in adipose tissue. Cows were 
chosen to represent selection lines at the Iowa State University dairy research herd, that 
have been selected for high (HFP) versus breed average (AFP) fat plus protein PTA since 
1986. Experimental group 1 had 28 HFP and 22 AFP cows. Blood samples were taken 
weekly at weeks 1-12 post parturition., and monthly through week 24. Experimental 
group 2 consisted of 8 cows (n = 4 per line) representing extreme phenotypic differences. 
Blood samples were taken -4 weeks and +4 weeks relative to parturition. Blood samples 
were used for metabolite profiles. Body condition scores (BCS) and body weights (BW) 
were recorded at each blood collection. Adipose tissue biopsies were collected 5, 21, and 
139 days post calving on experimental group 2. Analysis of BCS showed HFP cows had 
significantly less body condition than did AFP cows at weeks 12 and 16 (p<0.05). Serum 
creatinine levels for AFP cows were significantly less than HFP cows at weeks 2, 3, and 
4 (p<0.05). Significant positive correlations between NEFA and cumulative weekly milk 
production occurred for samples taken during weeks 5-12 of lactation (p<0.05). Leptin 
inRNA abundance significantly dropped from day 5 to day 21 and returned to levels 
above day 5 at day 139 post partuin (p<0.05). Adiponectin receptor 2 i1~RNA abundance 
was significantly higher in HFP cows than AFP cows (p<0.05). In this study, we did not 
x 
see statistical evidence between adipose tissue indicators (NEFA, glycerol, triglycerides) 
between lines. Leptin mRNA abundance may indicate changes in energy balance. 
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CHAPTER 1: 
REVIEW OF LITERATi.1RE 
INTRODUCTION 
The US dairy industry has seen a rapid increase in total milk, fat and protein yields over 
the past decade, thanks to successful genetic improvements in these traits. Figures 1 and 2 
show phenotypic and genotypic trends, respectively, far milk yield in US Holstein cattle 
from the late 1950's through 2003 
(http ://www. aipl. arsusda. gov/eval/summary/trend. cfm) . To achieve the increase in milk 
yield, cows must provide sufficient energy to support the energy demands of Lactation. 
Dairy cows try to provide this energy through the diet, but when they cannot consume 
enough energy through the diet, they experience negative energy balance (1~EB), defined 
as the period when a cow's energy needs are not met by energy intake, and begin to 
mobilize body tissue reserves. As a result of excessive energy partitioning to Lactation, 
cows may down regulate other important processes including fertility and health. 
Negative energy balance has,been associated with many health traits including lameness, 
digestive ailments, and ketosis (Collard et al., 2000; Gillund et al., 2001) A negative 
phenotypic correlation between NEB and fertility traits has also been found (Veerkamp et 
al. 2000; Dechow et al., 2002). 
Negative energy balance during the first 8 to 10 weeks of lactation, when total milk yield 
and milk components are at their highest, has been well established by Veerkamp (1998}. 
Doepel et al. (2002) support these findings in 28 Holstein cows. In this experiment, net 
energy balance began to enter negative values between week 0 and week 1 post calving 
and continued through the end of the experiment at week 6. Westwood et a1. (2000) 
found that cows with different genetic merit of milk yield returned from negative energy 
balance at different time points. Each time point was within the first 8-10 weeks of 
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lactation as described by Veerkamp (1998), but cows with high geneticpotential did not 
return to positive energy balance until after week 5 while cows with low genetic merit 
returned after week 2. 
Decreased fertility and health trends are problematic and are evident in today's dairy 
industry Figures 3 and 4 show, phenotypic trends in daughter pregnancy rate and 
productive life, illustrating significant declines for both traits over the Last 45 years. 
Daughter pregnancy rate is defined as the percentage of nonpregnant cows that become 
pregnant during each 21-day period and productive life is defined as the time in the 
milking herd before removal by voluntary culling, involuntary culling, or death. In five 
North Carolina experimental herds, Abdallah and McDaniel (2000) found that days open 
had increased 1.1 days from 1980 to 1993 in response to selection on increased milk 
yield. A decrease in voluntary culling of low producing cows and an increase in 
involuntary culling of high producing cows has also been documented on 186 Wisconsin 
dairy herds from 1994 to 1998 {Weigel et al., 2003). 
As declining fertility and increased problems with health traits become a bigger problem 
in the dairy industry, questions that involve NEB are becoming more common. Energy 
balance is calculated through a set of equations that take into account energy 
requirements for maintenance based on body weight, milk production based on 
components, and growth, versus energy intake (Jorritsma et a1.,2003; De Vries et al., 
1999). 
Coffey et al. (2004) studied how genotype and diet may affect energy balance across the 
first three lactations. The study was performed on iwo genetic groups that were bred for 
either maximal production or to remain at the UK national average. Cows selected based 
on high milk yield had significantly less body tissue reserves throughout the three 
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lactations, indicating that high producing caws do not fully recover body tissue reserves 
during the dry period. 
Heritability for energy balance has been estimated to be from 0.19 to 0.69 {Veerkamp, 
1998), which would lead one to believe that variation in energy balance is influenced by 
genetics. Calculating energy balance requires collecting many data, including feed 
intake, body weight, and milk production, including components, which makes ~~ 
calculating energy balance tedious and diff cult. To overcome this, one could consider 
other indicators of energy balance and tissue mobilization. These indicators could be 
hormone levels, blood metabolites or subjective measurements. Reist et al. (2002) 
correlated many blood and milk traits to energy balance on 90 multiparous cows. Table 1 
summarizes correlations calculated. They found significant correlations (p<0.001 }with 
numerous blood metabolites, hormones and enzymes and milk traits that can be easily 
measured and recorded. In the remainder of this chapter important indicators of tissue 
mobilization and energy balance will be reviewed. 
HO~;MONES 
Leptin 
Leptin is synthesized by the adipocyte as the product of the ob gene (Zhang et al. 1994; 
Houseknect et al., 1998; Chilliard et al., 2001). Zhang et al. (1994) discovered the Ob 
gene in mouse and cloned both the mouse and human homologue. Through northern blot 
analysis, leptin was found to be expressed in mouse white adipose tissue but not in brain, 
stomach, small intestine, liver, pancreas, lung, testis, heart or spleen. Leptin is a 16kDa 
protein and is characterized by a long chain four-helical bundle structure. Based on its 
structure, leptin belongs to the type I cytokine superfamily. Leptin concentrations 
increase in rodents after a meal and after several days of overeating in humans 
(Kolacynski. et al., 1996) and. decrease in situations of weight loss and negative energy 
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balance. Leptin concentrations in the blood are directly proportional to fat mass in the 
body in mice and humans (Frederich et al., 1995; Maffei et al., 1995; Considine et al., 
1996). Leptin functions in part by stimulating the pro=opiomelanocortin (POMC) 
neurons in the arcuate nucleus (ARC), which suppresses appetite. It also acts to inhibit 
the neuropeptide Y (NPI~/agouti-related peptide (AgRP) in the ARC, resulting in 
appetite depression (Williams et al., 2001). 
Leptin has also been shown to have a negative impact on storage of adipose tissue 
(Halaas et a1., 1995). Mice that were injected with recombinant leptin protein had 0.67% 
body fat as opposed 12.22% body fat in mice with normal body mass that did not receive 
that protein. In another portion of the experiment, recombinant mouse or human Leptin 
protein was injected into mutant Ob/Ob mice. Ob/Ob mice do not produce any leptin and 
are severally obese. Both recombinant proteins caused a decrease in total body lipid by 
24% (9.1 Og vs. 3 8.3 g). 
The effects of leptin may differ between ruminants and other types of digestive systems. 
In ruminants, leptin may inhibit the effects of insulin (Spicer and Francisco, 1997,1998). 
The Linear relationship between leptin and body fatness exists in ruminants, but you 
usually do not see a postprandial increase in leptin as you do in human and mice (Tokuda 
et al., 2000; Blache et al., 2000; Block et al., 2001). Results to support the idea that 
ruminant Leptin responses are different than rodent and humans are Limited .and 
sometimes contradicting. In 1~6 Soay rams, a peak in leptin has been seen 2 to 8 hours 
after a meal (Marie et al., 2001). In dairy cows, a decrease in leptin was observed in dry 
cows that were well fed while an increase was seen in dry cows that were underfed 
(Delavaud et a1., 2000). This is opposite of what you would suspect if increased leptin 
suppresses appetite and decreased leptin increases appetite. 
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Leptin is predonl.inately expressed in white adipose tissue (Zhang et al, 1994; Freeman et 
al., 1998; Chilliard et al., 2001; Ingvartsen and Boisclair, 2001; Chelikani et a1.; 2003). 
Leptin rriRNA expression has been investigated in other bovine tissue through reverse 
transcription polyrnerase chain :reaction (RT-PCR}. Tissue found not to express leptin 
were semintendinosus muscle, masseter muscle, endocardium, liver, adrenal cortex, 
spleen, kidney, testis, mesenteric lymph node, Lung, aorta, rumen, abomasum, duodenum, 
jejunum, ileum, hypothalamus, pituitary, cerebral cortex, cerebellar cortex, brain-stem 
and pineal gland (Chelikani et al., 2Q03). Leptin is expressed in other mouse tissues 
including gall bladder, adrenal, gland, ileum, mammary gland and ovary (Freeman et al., 
1998}. 
The leptin receptor gene was found in 1995, shortly after the discovery of the Leptin gene. 
The human gene consists of 20 exons and spans 170 kb (Tartaglia et al., 1995). The 
protein produced is a glycoprotein and has a single transmembrane spanning region. 
There have been 6 different forms of the protein found in tissue, produced from 
alternative splicing of the same gene. One Long isoform, Ob-Rb is highly expressed in 
the hypothalamus in rodents and is involved in control of energy expenditure and food 
intake (Elmquist et al., 1998; Fei et a1., 1997). Ob-Rb has also been detected in Low 
levels in the Liver, ovary, testes, spleen, small intestine, kidney, heart and skeletal muscle 
in both humans and rodents (Ingvartsen and Boisclair, 2001). In bovine Ob-Rb is 
expressed in adipose tissue, liver, spleen, kidney, testis, lung, and several parts of the 
brain including the hypothalamus. A short form of leptin receptor n~ EZNA was expressed 
only in the bovine liver, adrenal cortex, spleen, pituitary and brain stem (Chelikani et al., 
2003). 
Circulating Leptin concentrations in dairy cattle have been studied due to the role that it 
plays in appetite and energy expenditure. Levels of circulating Leptin peak during Tate 
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pregnancy (~5.0-5.5 ng/ml) and then start to decrease before parturition. They decrease 
to minimal levels at parturition (~4.0 ng/ml) and slowly increase through day 20 post 
parturition (~4.5 ng/ml), but decrease to levels at parturition by day 40 post parturition. 
Circulating levels then stay the same through 90 days post parturition (Liefers et al., 
2005; Liefers et al., 2003b). Accarosi et al. (2005) found similar lactation profile results. 
They saw the decrease at calving followed by a slow increase post calving. They looked 
beyond day 90 and found a significant increase from day 120 through day 210 of 
lactation, which occurred after the cows entered positive energy balance around day 52. 
This time point is when cows should be increasing in body weight and body fat. 
Liefers et al. (2003b) associated levels of plasma leptin concentration to a variety of 
production and reproductive traits. The study was performed on 304 Holstein-Friesian 
primiparous cows. Selected traits were measured from 4 weeks prepartum to 15 weeks 
post pariuin. Differences in leptin concentrations were compared to energy balance, live 
body weight, dry matter intake, milk yield, milk components, and first observed estrus. 
Their data showed that leptin concentrations correspond to energy balance throughout 
lactation. Cows in average NEB had lower plasma leptin levels than did cows in mean 
positive energy balance. Live body weight was also associated with leptin 
concentrations. Cows with a higher body weight (572 kg) had higher leptin 
concentrations than cows with lower body weight (488 kg). Body condition score (BCS) 
and other indicators of fat mass were not reported so it is unclear whether leptin 
concentrations were associated with body fat mass in the study. Cows with mean dry 
matter intake of 17 kg/day had a significantly lower leptin concentration that cows with a 
higher dry matter intake of 20 kg/day. Milk production was also reported to be related to 
leptin concentrations. Higher producing cows (36 kg/day) showed significantly lower 
leptin concentrations after day 25 of lactation than did cows producing less (27 kg/day). 
When milk yield was adjusted for body size and dry matter intake the same results were 
seen. Yields of components (fat, lactose, and protein) had no significant (p>0.05) 
association with leptin concentrations. However, cows with higher leptin concentrations 
during pregnancy produced higher milk fat yield during lactation. Results for 
reproductive traits showed that cows with early estrus (day 30) had higher leptin 
concentrations than did cows with delayed first estrus (day 112). These results suggest 
that circulating leptin concentrations are related to traits that affect energy balance and 
milk production. 
Several polymorphisms have been found in the bovine leptin gene. Some have been 
associated with feed intake, milk yield, carcass, and reproduction-related traits, although 
the number of experiments and animals that generated these results are relatively limited. 
Listed in Table 2 are bovine leptin polymorphisms found in either exon or intron 
sequences that have been found and associated with specific traits. Note that only Liefers 
et al. (2003a) have reported a significant association with circulating leptin concentration, 
and that the effects were only noticed during late pregnancy and not during lactation. 
Adiponectin 
Adiponectin is also known as ACRP30, apMl, adipoQ, and GBP28 (Chaldakov et a1., 
2003). It is a protein that is primarily synthesized by the adipocyte and is significantly 
up-regulated during adipogensis, or the conversion of carbohydrates or protein to adipose 
tissue inside the body (Matsuzawa, 2005). Adiponectin is the most abundant adipose 
specifZc protein (Matsuzawa, 2005). Plasma adiponectin can act to increase insulin 
sensitivity by decreasing glucose output from the liver (Wynne et al., 2005). With 
decreased glucose output, overall body homeostasis shifts toward increased appetite and 
energy expenditure. Low levels of adiponectin have been associated with type-2 diabetes, 
as Prima Indians with high levels of adiponectin showed less of a chance of developing 
type-2 diabetes (Lindsay et a1. .2002). This relationship was supported when levels of 
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adiponectin were measured in male obese rhesus monkeys which are susceptible to 
becoming obese and developing type-2 diabetes. Levels of adiponectin not only 
decreased in monkeys with type-2 diabetes but also decreased in parallel to loss of insulin 
sensitivity. Expression of adiponectin inRNA was not correlated with fat weight (-0.04) 
in the monkeys that developed type-2 diabetes (Hotta et al., 2001). 
Adiponectin consists of three different regions: a variable region, a collagenous region 
and an amino-terminal signal region. In its simplest form, the protein is a homotrimer of 
three 30 kDa subunits. These simple units can group together through disulphide bonds 
within the collagenous regions to form higher structures. These structures form into 
clusters, which can be split into two categories: low molecular weight hexamers, and high 
molecular weight hexamers. The low molecular weight hexamers consist of 180 kDa, 
and high molecular weight hexamers consist of greater than 400 kDa. These higher 
forms are the structures that can be detected in the bloodstream. The simple homotrimers 
are nearly indistinguishable (Trujillo and Scherer, 2005). Like that for leptin, expression 
of adiponectin is predominately from white adipose tissue. Through northern blot 
analysis, adiponectin has been shown to be only expressed during late embryonic 
development around day 17 of gestation in mouse embryos (Das et al., 2001 }. It was not 
detected in mouse brain, heart, intestine, kidney, liver, muscle, pancreas, or spleen (Hu et 
al., 1996). 
There are two adiponectin receptors, AdipoRl and AdipoR2. Expression of these two 
receptors in mice and humans are found in different Locations of the body. In humans 
both receptors' mR~~TA are expressed primarily in the skeletal muscle, where as in mice 
ni.EZNA from AdipoRl are found predominantly in the skeletal muscle and AdipoR2 is 
expressed mostly in the liver (Trujillo and Scherer, 2005). Ramachandran et al. (2006) 
found. that in chickens, AdipoRl is highly expressed in skeletal muscle, adipose tissue, 
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and diencephalon. It is moderately expressed in spleen, ovary, liver, anterior pituitary 
gland,. and kidney. AdipoR2 expression in chicken is the highest in adipose tissue, but it 
is also expressed in muscle, spleen, kidney, ovary, diencephalon, and anterior pituitary 
gland. Expression of AdiopRl :is decreased in the anterior pituitary gland (p<0.05) 
following a 48 hour fast, and AdipoR2 expression increased in adipose tissue (p<0.05} 
The concentration of adiponectin circulating in the bloodstream is affected by changes in 
fat mass in the body. Unlike leptin, adiponectin concentrations in the blood decrease 
when the organism enters obesity conditions (Arita et al., 1999). The opposite is 
observed when an organism enters conditions of severely low adipose tissue mass 
(Pannacciulli et al., 2003). In humans, adiponectin concetrations are higher in females 
than males, which is complexed by the fact that females usually have higher levels of fat 
mass compared to men of the same body mass index (Arita et al., 1999). 
Jacobi et al (2004) studied adiponectin levels and expression in pigs. They compared 
serum adiponectin concentrations for two distinct genetic lines with differences in the 
amount of carcass fat mass on 28, 56, 90 and 165 days of age. Concentrations were 
similar for both genetic lines on days 2$ and 56, but by day 90 the leaner Line had higher 
levels of adiponectin expression as measured by northern blot analysis compared with 
those o f the fat line. 
Combs et al. (2003) found that adiponectin levels in friend virus B-type susceptibility. 
(FVB) inbred mice decreased throughout gestation and continued to decrease during the 
first week of lactation. This occurred in spite of a significant increase in food intake 
(100%). Circulating adiponectin levels started at basal levels of 30 µg/ml and decreased 
to l0µg/ml during the first week of lactation. A significant decrease in estrogen occurred 
after parturition but adiponectin levels continued to decrease. Adiponectin levels were 
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suppressed by increased prolactin,levels (15µg/ml, p<0.05} injected through minipumps 
at a rate of 50-100µg per day. Prolactin was used to simulate increased lactogens during 
late gestation and lactation. Adiponectin levels were stimulated by bromocriptine 
(45µg/ml, p<0.05) administered through a bromocriptine implant. Bromocriptine works 
as a dopamine inhibitor of prolactin synthesis. Levels of circulating adiponectin ranged 
from 5 µg/ml during the 3Td week of pregnancy to 60 µg/ml for mice 2 months of age in 
other parts of the experiment. Adiponectin levels in healthy humans ranged from 2 µg/ml 
to 73 µg/ml in a study performed by Heliovaara et al. (2006). There axe no current 
published data on adiponectin levels in dairy cattle. 
After reviewing the Literature, both leptin and adiponectin are adipokines primarily 
expressed by adipose tissue. Leptin has been shown to be associated with differences not 
only in energy balance but also va~g levels of body fat mass. Also, varying leptin 
concentrations maybe associated with differences in milk and milk component yield in 
dairy cattle. These finding were found not only in humans and mice but also dairy cattle 
populations. Several polymorphisms in the leptin gene sequence have also been 
associated with feed intake, milk yield, carcass, and reproduction-related traits in cattle. 
.while, adiponectin concentrations have not been studied in dairy cattle, varying 
concentrations have been associated with energy balance and body fat mass in humans, 
mice and pigs. 
METABOLITES 
As described previously, the stress of lactation, maintenance, and pregnancy can cause an 
animal to go into NEB. NEB is defined as a time when the energy needs for lactation and 
maintenance are greater than the energy provided through feed intake (Jorritsma et al., 
2003). When an animal is in NEB, it must rely on stored body reserves to provide energy 
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to meet the energy demands of life. This typically leads to the metabolism of adipose 
tissue, and in severe NEB the metabolism of skeletal muscle. 
Indicators of Adipose Tissue Catabolism 
During NEB the body will start the process of lipolysis to release energy from 
triacylglycerols stored in adipose tissue. The beginning of lipolysis is triggered by 
epinephrine, norepinephrine, glucagon and adrenocorticotropic hormone which bind to 
seven transmembrane receptors found in the membrane of adipose tissue. Seven 
transmembrane receptors then activate adenylate cyclase. With the activation of 
adenylate cyclase, cA►MP production is increased, which activates protein kinase A. 
Protein kinase A activates hormone-sensitive lipase (HSL) and other lipases by 
phosphorylation. HSL hydrolyzes triacylglycerols to release glycerol and fatty acids. 
The glycerol backbone released from lipolysis is absorbed by the liver and 
phosphorylated and then oxidized to dihydroxyacetone phosphate and transformed into 
glyceraldehyde 3-phosphate. At this time, it can enter either glycolysis or 
gluconeogenesis for use as fuel. The fatty acids released by lipolysis bind with serum 
albumin and are transported to tissues that need energy (Figure 5) (Berg et al., 2002). 
Nonesterified Fatty Acids 
Nonesterified fatty acids (NEFA) are a product of triglyceride catabolism during lipolysis 
and can be used as an energy source in target tissues during times of excess energy need. 
They are especially used for energy in the muscle and liver (Bell et al., 1995; Drackley et 
al., 1999). Elevated serum NEFA levels in dairy cattle have been found during three 
weeks prior and three weeks post parturition or transition period, with a peak at time of 
parturition. Serum NEFA levels decline and retuxn to normal levels (<0.2 mM) about 
two weeks post parturition (Adewuyi et al., 2005; Bell et al., 1995; Doepel et al., 2002). 
There have been many reasons proposed for the elevated NEFA levels during this time 
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period, which include the stress of calving, decreased dry matter intake, the immediate 
energy demands of lactation, and hormonal changes (Adewuyi et al., 2005; Bell et al., 
1995; Drackley, 1999). when cattle are force-fed through to parturition, elevated NEFA 
values are suppressed, but force-feeding did not completely prevent the NEFA peak 
around parturition. This has Led to the belief that the rise in NEFA is not solely 
dependent on a decrease in dry matter intake (DMI) but is also due to hormonal changes 
around calving (Bertics et al., 1992). The gradual increase before parturition is believed 
to correspond to a slow decrease in feed intake while the sharp peak at parturition is 
caused by hormonal changes. Elevated levels of NEFA are also believed to be an 
indication of NEB in the dairy cow (Bell, 1995). 
The prepartal diet has been a focus for many studies that investigated changes in NEFA 
during the transition period, due to the thought that high NEFA Levels may play a part in 
fatty liver syndrome (Morrow, 1975; Drummer, 1993; Adewuyi et al., 2005). It has been 
thought that increasing the nutrients in the feed during transition may help to overcome 
dependence on lipid stores for energy. NEFA levels circulating in the blood were 
reduced during transition by feeding more nutrients than recommended by National 
Research Council (Holcomb et al., 2001; vandaHaar et al., 1999). Doepel(2002) also 
showed a decrease in elevated: NEFA levels when feeding different diets of high or low 
energy along with high or low protein. They showed the highest peak in NEFA at 
parturition with a low energy and high protein diet, and the lowest spike in NEFA with a 
high energy and high protein diet, which had the NEFA spike one week post parturition. 
Neither study reported signi~ cant changes in milk production in cows with w lower 
NEFA concentration increase ,during the transition period. 
Another factor that has been shown to decrease circulating NEFA concentrations is 
physical activity such as walking. Physical activity increases ~3-oxidation of NEFA in 
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skeletal muscle (Bell, 1995; Adewuji, 2004). NEFA values also decrease in obese 
humans following an increase in exercise {Friedman, 1998}. Negative consequences may 
overcome the positive if physical activity is taken to the extreme in dairy cattle, but 
moderate exercise may benefit ,cows during the transition period. 
Studies that look at energy balance and tissue mobilization differences in cows with 
different genetic merit have been a focus of very few studies. Lakes et al. (1989), studied 
the effect of selection for milk.yield on metabolic parameters including energy balance, 
growth hormone, insulin, prolactin, NEFA, and glucose, and how these factors can 
change due to physiological changes. Physiological changes were simulated by 
injections of growth hormone releasing factor and epinephrine. Growth hormone (GH) 
has been studied intensely due its role in redirecting fatty acids and glycerol from storage 
in the body to use as fuel. Epinephrine elevates blood glucose levels by increasing 
hydrolysis of glycogen to glucose in the liver, and at the same time initiates the 
breakdown of lipids in adipocytes. Epinephrine was used to increase the differences of 
GH and insulin levels (Bauman and Currie, 1980). These metabolic parameters were 
examined on 28 first parity Holstein cows. There were two groups that were assigned as 
either daughters of sires selected for high milk yield (weighted mean sire predicted 
difference for milk (PD82) _X420 kg) or second to fifth generation daughters of cows 
who had been bred to nonselected sires (PD82 = -368kg). NEFA concentrations were 
measured at 0, 45, 90 and 180 days after calving. Lakes et al. (1989} found no significant 
difference in NEFA concentrations between genetic groups or treatment group, even 
though the selected group yielded more fat-corrected milk than the control group (6,450 
vs. 5,818 kg). Mean difference between groups in phenotypic performance for fat 
corrected milk was 632 kg. 
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The results of NEFA concentration were similar to the findings of Lukes et al. (1989) in a 
later publication by Westwood et al. (2000). This experiment was designed to study the 
effects of two dietary treatments, high rumen-undegradable protein (RUP) and low RUP, 
on cows of high or low genetic merit. Feeding a diet with a higher protein percentage can 
help alleviate the increased need for proteins for milk production, but with an increase in 
dietary protein there has been evidence of an increase in fat mobilization (Q~rskov et al., 
1981). Increased amino acids in the rumen by slowly degraded protein sources can 
increase protein synthesis and protein yield by rumen microbes and lead to increased 
milk production (f~rskov et al., 1981, 1987). The amount of RUP can influence the 
amount of amino acids the small intestines receive from the diet and can decrease energy 
balance and increase tissue mobilization. So, feeding a high RUP diet to a high 
producing cow may increase adipose tissue mobilization. 
The Westwood et al. (2000) experiment was set up with 82 multiparous cows of either 
high or low genetic merit and split into the two dietary groups. The high genetic merit 
cows had an Australian breeding value of greater than or equal to 31 kg and cows with a 
low genetic merit had an Australian breeding value of less than or equal to 15 kg. There 
was no significant difference in the average NEFA levels between genetic groups. VV~hen 
split into 4 groups based on both genetic merit and diet, high genetic merit cows fed the 
high degradable protein diet had significantly higher T1EFA concentrations than the other 
three groups. These findings would suggest that high genetic merit cows mobilize more 
body tissue for energy demands when fed a high degrading protein diet. One benefit of a 
high degrading protein diet would be increased amino acids for milk production, but this 
may result in the sacrifice of energy for maintenance of the cow. 
In a third study, Knight et al. (2004) measured NEFA concentrations in an experiment 
that evaluated metabolic safety margins. The latter were defined as the gap between an
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animal's actual output and what they are capable of producing based on metabolic 
capabilities. They compared cows of high and low genetic merit for milk yield, when 
stimulated with frequent milking, thyroxine andlor bovine somatotropin along with a set 
of controls at each merit level. All three treatments are known stimuli of increased milk 
production, but each through a different mechanism. Frequent milking increases milk 
production through a physiological response in the mammary gland (Wilde et al., 1997). 
Bovine somatotropin has been used commercially to increase milk production through 
changing how body tissues are metabolized, increasing the amount of nutrients available 
for milk production (Bauman, 1992). Thyroxine is a steroid that has not been used 
commercially, but has also been shown to increase milk production by increasing 
metabolism (Davis et al., 1988). 
The Knight et al. (2004) experiment was performed on 24 cows with 12 in the top 5% 
(high) of the UK national herd for genetic merit for milk yield and the other 12 at the UK 
national herd average for milk yield (low). The average parity was equal for both groups 
with a range from 1 to 7 parities. After week 6 of lactation, 6 cows of each genetic merit 
group were split into either a control or treatment group: There was atwo-week 
pretreatment period, an eight week treatment period and then two weeks of recovery. 
The treatment period consisted of a two week period of 4X milking per day, four weeks 
of 4X milking plus recombinant bovine somatotropin or two weeks of all three treatments 
(4X milking, bovine somatotropin, and thyroxine). There was no significant difference in 
NEFA values between genetic lines with any treatment but there was a significant 
decrease in NEFA concentrations in response to frequent milking. The decrease in 
NEFA levels indicates a benefit in not only increased milk yield but may also show an 
advantage in over all_ cow health (K:night et al., 2004}. NEFA concentrations increased 
significantly after thyroxine injection, which maybe due to increased metabolism of 
adipose tissue which would increase circulating NEFA concentrations. 
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Triacylglycerols 
Triacylglycerols are stored in adipose tissue as an energy reserve. They consist of a 
glycerol backbone with three fatty acids attached. The fatty acid chains range from 3-22 
carbons. Ruminants tend to have more branched fatty acids due to bacterial action in the 
rumen. Typically, triacylglycerols are metabolized through lipolysis and remade through 
lipogenesis. When an animal is in NEB, there are more triacylglycerols being hydrolyzed 
and used as energy than triacylglycerols being stored (Berg et al., 2002). Serum . 
triacylglycerols are an indicator of NEFA that are being recycled through the liver as 
apposed to being held in the liver and causing fatty liver syndrome, and then circulated 
through the blood stream. These recycled NEFA could show increased values due to 
recycled NEFA not from NEFA produced by new adipose tissue catabolism. 
Triacylglycerols also play a role in a metabolic disorder of cattle, known as fatty liver. 
Fatty liver occurs because the bovine liver has limited ability to convert (NEFA) into 
triacylglycerols (Bell, 1995; Drackley et al., 2001; Grammer and Carroll, 1988). The 
liver is the major source of removing NEFAs from the blood, and because ruminants 
have limited capabilities to export fatty acids as very Low density Lipoproteins, some fatty 
acids are esterified and stored in the liver (Emery et al., 1992; Herdt et al., 198 8; Kleppe 
et al., 1988). This can lead to the development of a fatty liver and can lead to metabolic 
diseases such as milk fever and ketosis (Gearhart et a1., 1990). In a dietary study 
investigating the benefits of increased dietary methionine, serum triglyceride levels were 
highest before parturition and then drop at parturition, but there was no treatment effect 
with varying dietary protein or varying levels of a methionine hydroxyl analog (Phillips 
et al., 2003). A similar sharp decrease in plasma triglyceride levels ,after parturition was 
also found in a study Looking at triglyceride levels in cows that developed fatty Liver (van 
den Top et a1., 1996). This corresponds to increased need for energy from metabolized 
fats during early lactation and the increase of triglyceride being stored in the liver. Liver 
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triglyceride levels have been shown to increase around the time of parturition. Doepel et 
al. (2002) found that liver triglyceride concentrations increased 5 fold from 25 day prior 
to calving to day of calving and continued to increase to day 21 post calving. Also in this 
study, there was no treatment effect when the cows were fed varying levels of protein and 
energy concentration. All of these studies support the idea that cows are mobilizing 
adipose tissue for energy but are not adequately recycling triacylglycerols from the liver 
to be restored as adipose tissue in the body. 
Glycerol 
Glycerol makes up the backbone of triacylglycerols and is released during lipolysis. It is 
transported through the blood to the liver where its final fate is glyceraldehyde 3-
phosphate. At this point, glyceraldehyde 3-phosphate will enter into either glycolysis or 
gluconeogenesis (Berg et al., 2002). Free glycerol concentration cicurlating in the 
bloodstream can be another indicator of adipose tissue catabolism. 
Little work has been done associating circulating glycerol levels and energy utilization in 
dairy cattle. Glycerol might be a mechanism that controls hunger through the central 
nervous system; the influence of glycerol on intake regulation has been investigated in 
both rats and sheep. In experiments conducted with rats, glycerol was adminstered 
subcutaneously and the only results that reduced feed intake were from injections well 
beyond normal physiological levels (Carpenter and Grossman, 1983; Ramirez and 
Friedman, 1982). work conducted with sheep found similar results. Glycerol 
adminstered through the portal vein at a rate of 0.3 mmol per minute for three hours did 
not have any effect on feed intake or circulating glycerol levels (Forbes, 1995). 
In the article by Knight et al. (2004) looking at metabolic safety-margins in cows of 
varying genetic merit, there was no difference in circulating. glycerol levels between cows 
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of high versuses law genetic merit. They also did not see a treatment effect with the three 
different types of stimulants that were used. 
Body Condition Score (BCS) 
Body condition score (BCS) is a subjective measurement of body fat and can be used to 
monitor energy status and body condition change throughout lactation {Wildman et al., 
1982). BCS is determined through visual assessment and palpation of the back, hook and 
pin bones. It is scored on a scale of 1 to S (1 =thin, 5 =fat}, with increments of 0.1 or 
0.25. It does not give measurements for total body weight, total fat or protein stores. 
Changes in BCS have been associated with mobilization of body tissue, diameter of the 
longissimus dorsi muscle, subcutaneous fat thickness, endocrine and metabolic changes 
(Aeberhard et al., 2001 a,b; Bruckmaier et a1., 1998; Busato et a1., 2002). Changes in 
BCS are an inexpensive measurement to monitor health and production in dairy herds. 
Cows with a high BCS (>_4.0) near calving have been shown to, have increased health 
risks such as milk fever, ketosis, cystic ovary syndxome and lameness problems (Gearhart 
et al., 1990). An obese cow during the dry period along with disease conditions has been 
termed fat cow syndrome in the literature (Morrow, 1975). Obese cows usually occur in 
a dairy herd that is not separated and fed different diets based on stage of lactation. 
Feeding high energy diets after peak lactation increases the ri sk of fat cow syndrome. 
Cows that have too low of a body condition may appear to be in good health but with a 
low reserve of body tissue she will decrease milk production as her BCS decreases. She 
will also have reproduction problems such as increased days open and decreased 
pregnancy rate. Cows losing the most body tissue as measuxed through BCS throughout 
lactation have been shown to be at the greatest ri sk for culling in the next lactation 
(Gearhart et al., 1990). Studies have correlated BCS with reproduction performance in 
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dairy cattle. Pryce et al. (2000) found that cows that had a lower BCS had a higher 
chance for a longer calving interval when looking at 44,672 records on first lactation 
heifers throughout the UK. They calculated the genetic correlation between BCS and 
calving interval to be -0.22 after adjusting for phenotypic milk yield. There is also a 
threshold at which too high of a body condition score may have a negative effect on 
reproduction, possibly as a result of the fat cow syndxome (Morrow, 1976). Wildeman et 
al. (1982) found that as days open increased BCS also increased. This maybe due in part 
to a cow being over conditioned. Cows having greater than 100 days open had an 
average BCS of 3.28. Cows with less than 60 days open had a mean BCS of 2.66; so, 
they may not have seen enough extreme low BCS to have decreased fertility in low 
condition cows. 
In two corresponding studies performed by Pryce et al. (1999, 2001), two genetic groups 
were investigated. Cows in the control line (C) represented animals that were sired by 
bulls that are held at the UK national average for kilogram of fat plus protein. Cows in 
the select line (S) were sired by bulls that were a representation of the highest available 
kilogram fat plus protein bulls. Each line has been breed since 1973. The two groups 
were then split into two groups that were fed two different diets, a high concentrate diet 
and a low concentrate diet. A. total of 534 cows were used to evaluate if BCS at certain 
time points in lactation affected reproductive performance. This idea was broadened to 
include whether dint or genetic merit had an effect on that relationship between BCS and 
fertility. They found that mean BCS for the S line was lower than the C line at all stages 
of lactation. The S line also had greater change in•BCS through week 10 of lactation. 
These two results suggest that the S line mobilized more body tissue than did the C line. 
They found that average or below average (mean = 2.5) BCS had poorer reproductive 
performance than cows that were average in BCS. They also found that the S line cows 
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had first heat delayed, longer calving intervals and poorer conception rates compared to 
the C line. 
Westwood et al. (2000) also found that their group of cows with high genetic merit for 
milk yield metabolized more body tissue than did the low genetic merit group as shown 
by a greater change in BCS throughout lactation. Knight et al. (2004) saw that their high 
genetic merit group also had lower BCS throughout lactation. 
Indicators of Muscle Catabolism 
The breakdown of muscle can serve several purposes for the body during times when the 
animal's protein requirements are not being met by diet. Products formed from muscle 
breakdown can be used to provide both energy and amino acids for milk production 
during lactation. During early lactation, dairy cattle have a high need for both energy and 
amino acids and it is believed that body protein is metabolized to meet this increased 
need during times of low dry matter intake and NEB (Botts et al., 1979; Swick and 
Benevenga, 1977). It has been estimated to be as much as 27% of a lactating cow's 
protein reserves can broken down and used as precursors in metabolic pathways (Botts et 
al., 1979; Bell et al., 2000). 
Creatinine 
Creatinine is a waste product of the breakdown of creative phosphate in muscle and is 
thought to be an indicator of total muscle mass (Braun et al., 2003). Urinary Creatinine 
concentrations have been shown to increase with an increase in muscle mass in beef 
cattle (McCarthy et al., 1983; Gopinath and Kitts, 1984). In dairy cattle, serum Creatinine 
levels have been shown to decrease post partum through week 12 of lactation (Blum et 
al., 1985; Phillips et al., 2003). 
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Reist et al. (2002} estimated correlations between metabolites in the blood and energy 
balance as a way to monitor energy balance on dairy cows at the individual and herd 
level. They collected data on 90 multiparous dairy cattle (n=86 Holstein Friesian, n=4 
Red Holstein). They estimated a phenotypic correlation of -0.42 between circulating 
creatinine levels and energy balance. This would mean that as energy balance decreases 
creatinine levels increase, indicating cows are increasing muscle mass. This is not the 
relationship you would expect when a cow is in NEB; one would expect them to decrease 
muscle mass, not store protein as muscle. 
In a study performed by Simmons et al. (1994) examing the use of growth hormone 
injections before parturition on a group of 41 Holstein cows, urine creatinine levels 
decreased from day 7 before parturition through day 62 post parturition. The levels of 
creatinine were higher in cows treated with growth hormone preparturtion but had no 
effect on creatinine levels at any time point past parturition. 
3 Methylhistidine (3 MH) 
Three-methylhistidine (3-MH} is released into the blood during the breakdown of actin 
and myosin in muscle tissue and thus can be an indicator of muscle mobilization. In 
cattle, rats and humans it is eliminated from the body through the urine (Young and 
Munro, 1978). As long as 3-MH is not consumed through diet or formed by another 
process in the body such as uterine lining breakdown post parturition or trace amounts 
found in smooth muscle tissue, 3-MH concentration in the blood or urine can indicate 
muscle catabolism (Blum et al., 1985). The breakdown of uterine tissue post parturition 
could lead to false high readings of 3-MH because of increased muscle breakdown and 
turnover following pregnancy (Blum et al., 1985). A study by Blum et al. (1985) 
investigated plasma 3-MH levels in 13 crossbred dairy cows two weeks prepartum 
through 12 weeks post partum. Plasma concentrations of 3-MH increased rapidly at 
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parturition and then peaked at about one week post parturition. The concentrations then 
quickly dropped to reach their lowest levels after week five of lactation. This suggest 
that maximal depletion of muscle tissue for use as amino acids in milk production or 
energy precursors would occurs during the first five weeks of lactation. Blum et al. 
(1985) indicated that this was also the time point milk production reached its peak and 
protein levels in milk dropped off after week three. The increase in feed intake 
throughout a 24 hour time period had no effects on plasma 3-MH levels, suggests that the 
increase in 3-MH were not due to dietary influence. 
The ratio of 3-MH to creatinine has been used to evaluate the rate of total muscle 
turnover in dairy cattle (Overton et al., 1998; Phillips et al., 2003; Simmons et al., 1994). 
Phillips et al (2003) studied the effects of varying amounts of protein and methionine 
hydroxyl analog on 48 multiparous high producing Holstein cows. When they evaluated 
the ratio of serum 3-MH to creatinine, they found a rapid increase at parturition, and, by 
day 14 post partum levels decreased to concentrations prepartum. They also found that 
cows that were fed an 11 %crude protein diet had a much higher ratio at calving than 
cows that were fed 14% crude protein. Overton et al. (1998) found similar results in 
urine 3-MH:creatinine ratios, but had elevated ratios for a longer period of time. These 
two sets of results support each other but also vary in some aspects, possibly due to the 
sample medium that was analyzed. Although a portion of the spike at parturition maybe 
due to breakdown of uterine tissue, it may also indicate an increase in muscle turnover. 
Simmons et al. (1994) analyzed urinary 3-MH:creatinine ratios in cows that were either 
given 5 mg/d, 14 mg/d, or no GH injection 46 days prior to parturition. Cows that did not 
receive bovine somatotropin showed the peak of creatinine at parturition and returned to 
levels prepartum at 34 days. Both treatment groups that received 5 mg/d and 14 mg/d of 
bovine somatotropin had increased 3-MH:creatinine ratio (50 nmoUmg) at parturition and 
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this ratio increased 16-22%through day 62 of lactation over the control group. There 
was no treatment difference beyond 62 days. These results suggest that cows injected 
with bovine somatotropin had increased muscle turnover than cows without treatment. 
CURRENT RESEARCH TOPICS 
I am going to investigate the above indicators of tissue metabolism on dairy sired by bulls 
that have been selected on the bases of differences in genetic merit for milk fat plus 
protein yield. Sires of these lines have been selected for high or industry average fat plus 
protein predicted transmitting ability (PTA) from 1986 to 2005. Figures 1-4 show group 
average PTAs for milk yield, fat, protein and fat plus protein. Although previous studies 
have not found significant differences in indicators of adipose tissue catabolism between 
cows with different genetic merit for production traits, my objective is to expand their 
idea and look at other indicators for both fat and muscle metabolism. Muscle catabolism 
has not been studied recently in dairy cows and has not been examined between different 
genetic selection lines. My hypothesis is that the indicators we have chosen are a good 
representation for a primary outlook on possible difference in energy balance between 
genetic lines. The overall goal of our research is to 1) characterize the Iowa State 
University selection lines for production traits and indicators of tissue metabolism, 
specifically to determine whether the lines differ throughout early lactation for: milk 
production, BCS, body weight, serum concentrations of NEFA, free glycerol, 
triacylglycerols, creatinine, 3-MH and expression of leptin and adiponectin. 2) Define 
relationships among production traits and indicators of nutrient mobilization from 
adipose and skeletal muscle tissue. 
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Table 1 Pearson correlations of blood and milk production traits with energy balance 
based on 86 Holstein-Friesian and 4 Red Holstein multiparous cows. All correlations 
reflect measurements of energy balance and selected traits week 1 through 10 of 
lactation. Concentrations were used for blood traits and milk acetone, milk, fat, protein, 
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Table 2 Leptin polymorphisms associated with phenotypic differences 
Polymorphism 
(Reference) Type 




(Lagonigro et al., 2003) 
SNP 
(A/T ~ Exon 2 
Tyr/Phe) 
169 Charolais Feed intake 
x Holstein 
0.043 
Arg25Cys [C(1180)T] SNP 

































(Nlffumah et al., 2004) 
SNP 
(C/T-~ Exon 2 
Arg/Cys) 
5 genetic lines 
(M 1-M4, TX) 
26-30 steers 
for each line 
Fat deposition 





(Liefers et al., 2002b) 
SNP 
(C/T) 
Intron 2 613 Holstein Milk yield; Friesian cows Protien yield p<0.025 
A59V 
(Liefers et al., 2003x) 
SNP 








(Almeida et al., 2003) Allele 
(~) 
96 5/8 Aberdeen 
Intron 2 Angus x 3/8
Nelore cows 
Weight at first 
calving p<0.02 
(Almeida et al., 2003) Allele (+/-) 
96 5/8 Aberdeen 




weight at first 
calving 
p=.052 
(Oprzadek et al., 2003) Allele 
(~) 
145 Black and Feed intake; Intron 2 White 
(Friesian) bulls carcass traits 
p<0.05 
RFLP 1 SNP 








Figure 1 US Holstein cattle phenotypic trends in milk yield. Data are from the USDA 
Animal Improvement Programs Laboratory, May 2006 
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Figure 2 US Holstein cattle breeding value trends in milk yield. Data are from the 
USDA Animal Improvement Programs Laboratory, May 2006 
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Figure 3 US Holstein cattle phenotypic trends in daughter pregnancy rate. Daughter 
pregnancy rate is defined as the percentage of nonpregnant cows that become pregnant 
during each 21-day period. Data are from the USDA Animal Improvement Programs 
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Figure 4 US Holstein cattle phenotypic trends in productive life. Productive life is 
defined as time in the milking herd before removal by voluntary culling, involuntary 
culling, or death and is calculated as months of milk in each lactation, summed across 
lactations, with full credit for 305-d records and partial credit for shorter records. Data 
are from the USDA Animal Improvement Programs Laboratory, May 2006 
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Figure 5 Triacylglycerol Catabolism. Interpreted from Berg et al. (2002). 
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Figure 6 Milk yield PTA averages of sire groups used in the Iowa State University dairy 
cow selection line. Calculated from May 2006 Holstein Sire Evaluation. ( ) Average fat 
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Figure 7 Protein PTA Averages of each sire groups used in the Iowa State University 
dairy cow selection line. Calculated from May 2006 Holstein Sire Evaluation. ( ) 
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Figure 8 Fat PTA Averages of each sire groups used in the Iowa State University dairy 
cow selection line. Calculated from May 2006 Holstein Sire~Evaluation. ( )Average fat 
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Figure 9 Fat +Protein PTA Averages of each sire groups used in the Iowa State 
University dairy cow selection line. Calculated from May 2006 Holstein Sire Evaluation. 
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THE IMPACT OF SELECTION FOR FAT PLUS PROTEIN ON 
INDICATORS OF TISSUE MOBILIZATION, AND THEIR 
RELATIONSHIP WITH PRODUCTION TRAITS IN DAIRY CATTLE 
A paper to be submitted to the Journal of Dairy Science 
M. Westall and D. Spurlock 
ABSTRACT 
Long-term selection for increased milk production in the US dairy industry has 
contributed to a decline in fitness traits of high producing cows. To achieve the increase 
in milk yield, cows must provide sufficient energy through their diet and/or tissue 
mobilization to support the energy demands of lactation. The objectives of this study 
were to evaluate indicators of energy mobilization in cows selected for high versus 
average production of milk components, to define the relationships between these 
indicators and production traits, and to evaluate mRNA abundance of selected genes that 
play a significant role in regulating energy utilization in adipose tissue. Cows were 
chosen to represent selection lines at the Iowa State University dairy research herd: 
These lines have been selected for high (HFP) versus breed average (AFP) fat plus 
protein PTA since 1986. Experimental group 1 had 28 HFP and 22 AFP cows and was 
balanced between primiparous and multiparous cows. Blood samples were taken weekly 
at weeks 1 to 12 post parturition, and monthly through week 24. Experimental group 2 
consisted of 8 cows from the same genetic lines (n = 4 per line) representing extreme 
phenotypic differences based on their previous lactation records. Blood samples were 
taken 4 weeks prior and 4 weeks post parturition. Weekly blood samples from both 
experimental groups were used for serum analyses of tissue metabolism indicators. Body 
condition scores (BCS) and body weights (BW) were recorded at each blood collection. 
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Adipose tissue biopsies were collected 5, 21, and 139 days post calving on experimental 
group 2 for analysis of gene mRNA abundance. Daily milk yield and monthly DHIA test 
day samples were used to measure milk production. Yields of milk and milk components 
did not differ significantly between AFP and HFP lines. Analysis of BCS showed HFP 
cows had significantly less body condition than did AFP cows at weeks 12 and 16 
(p<0.05). Glycerol and NEFA concentrations and BW analysis showed no significant 
differences between the AFP and HFP lines. Serum creatinine levels for AFP cows were 
significantly less than those for HFP cows at weeks 2, 3, and 4 (p<0.05). Significant 
positive correlations between NEFA and cumulative weekly milk production, ECM, milk 
fat and protein projected lactation yields occurred for samples taken during weeks 5-12 of 
lactation (p<0.05). There seems to be no weekly trend in significant correlations between 
creatinine with milk production, BW, or BCS. Leptin mRNA abundance significantly 
dropped from day 5 to day 21 and returned to levels above day 5 at day 139 postpartum 
(p<0.05). Adiponectin receptor 2 mRNA abundance was significantly higher in HFP 
cows than AFP cows (p<0.05). Adiponectin mRNA abundance was not significantly 
different between lines or days. In this study, we did not see statistical evidence between 
adipose tissue indicators between lines. We question the use of creatinine as an indicator 
of muscle mass. Leptin mRNA abundance may indicate changes in energy balance. 
INTRODUCTION 
Milk production in US Holsteins has increased steadily over past decades. Accordingly, 
this increase in milk production is accompanied by increased energy demands to support 
lactation. High producing cows are known to enter into negative energy balance (NEB) 
during the f rst 8 to 10 weeks of lactation due to dietary energy not meeting energy 
requirements for maintenance, lactation, reproduction, and growth (Veerkamp, 1998; 
Doepel et al., 2002). This period of NEB has been negatively correlated with several 
fitness traits including lameness, digestive ailments, and ketosis (Collard et al., 2000; 
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Gillund et al., 2001), and NEB has also been negatively associated with fertility traits 
such as delayed post partal cyclicity (Butler and Smith, 1989; El-Din Zain et al., 1995; 
Reist et al., 2000), low conception rates and endometrisis (Dohoo and Martin, 1989; 
Markusfeld, 1984). Thus, increased NEB associated with high production levels likely 
contributes to the trends for declining fitness traits currently seen in US Holsteins. 
Mobilization of adipose tissue occurs during NEB. During lipolysis, triacylglycerols are 
hydrolyzed into free glycerol and nonesterified fatty acids (NEFA). Measurement of 
these circulating metabolites can be used as an indicator of the mobilization of 
triacylglycerols from adipose tissue. Body condition score has also been utilized as a 
subjective measurement of body tissue reserves (Wildman et al, 1982). In addition to its 
role as an energy reservoir, adipose tissue is also recognized as an endocrine gland that 
secretes hormones that participate in the regulation of energy balance (Trayhurn, 2006). 
Leptin and adiponectin are two such adipokines, predominately expressed in white 
adipose tissue (Matsuzawa, 1995; Ingvartsen and Boisclair, 2001; Chelikani et al., 2003), 
that have been associated with overall fat mass (Frederich et al., 1995; Maffei et al., 
1995; Arita et al., 1999). Circulating Leptin levels increase with an increase in body fat 
mass (Frederich et al., 1995) and Leptin has a negative impact on storage of fat as adipose 
tissue and appetite (Williams et al., 2001; Halaas et al., 1995). Adiponectin is also 
expressed primarily in white adipose tissue but unlike Leptin, adiponectin levels in the 
blood decrease with obesity (Arita et al., 1999) and increase with conditions of severely 
low adipose tissue mass (Pannacciulli et al., 2003). Adiponectin receptor 2 appears to be 
the predominant receptor in adipose tissue (Kadowaki and Yamauchi, 2005). 
Muscle breakdown occurs during the first weeks of lactation to provide amino acids for 
milk production and energy through gluconeogenesis during times of NEB (Botts et al., 
1979; Swick and Benevenga, 1977). It has been estimated that as much as 27% of a 
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lactating cows protein reserves can be broken down and used as precursors in metabolic 
pathways (Botts et al., 1979; Bell et al., 2000). Serum creatinine, 3-methylhistidine (3-
MH) and the ratio of 3-MH to creatinine have been associated with skeletal muscle mass 
and breakdown (VandeHaar et al., 1999). creatinine is a waste product of the breakdown 
of creatine phosphate in muscle and is thought to be an indicator of total muscle mass 
(Braun et al., 2003). In contrast, 3-MH is released into the blood during the breakdown 
of actin and myosin in muscle tissue and has been considered an indicator of muscle 
mobilization. The ratio of 3-MH to creatinine has been used to evaluate the rate of total 
muscle turnover in dairy cattle (Phillips et al., 2003). 
Differences in adipose tissue catabolism in cows of varying genetic merit have been 
investigated. Cows genetically superior in milk yield mobilize more body tissue as 
indicated by differences in BCS, but dry matter intake, ~-hydoxybutyrate, NEFA, 
glucose, or insulin, did not differ with production levels (Lukes et al., 1989; Westwood et 
al., 2000; Knight et al., 2004). Indicators of protein mobilization were not considered in 
these investigations. However, limitations to each of these studies can be identified, such 
that additional investigation of difference in tissue mobilization between cows of varying 
genetic merit for production traits is warranted. 
The first objective of this study was to characterize the Iowa State University selection 
lines for production traits and indicators of tissue metabolism; specifically to determine 
whether lines differ throughout early lactation for milk production, BCS, body weight, 
NEFA, free glycerol, triacylglycerols, creatinine, 3-MH and mRNA abundance of leptin, 
adiponectin, and adiponectin receptor 2. The second objective of this study was to define 
relationships among production traits and indicators of tissue mobilization. 
44 
MATERIALS AND METHODS 
Cows and Housing 
The first experimental group consisted of fifty randomly chosen Holstein cows 
representing two genetic lines. Sires of these lines have been selected for high (HFP) or 
industry average (AFP) fat plus protein predicted transmitting ability (PTA) since 1986. 
Twenty eight HFP and 22 AFP cows were used. Cows were balanced between first 
lactation heifers and multiparous cows in each genetic group. Multiparous cows ranged 
from 2nd to 5th parity, with an average parity number of 2.6. Cows ranged from the Stn 
to 7th generation of selection. 
The second experimental group consisted of eight cows from the same genetic lines (n = 
4 per line). Cows were chosen based on their previous lactation records to represent 
maximum phenotypic differences in milk and milk component production between the 
lines. Tables 3 and 4 show average phenotypes of selected cows from the lactation used 
for selection, and the lactation from which experimental samples were collected, 
respectively. Estimated genetic values (PTA's) are from the August, 2005, USDA genetic 
evaluation. Cows either from 2nd (n=7) or 3rd parity (n=1). 
Cows were housed in free stall barns at the Iowa State University dairy breeding facility 
in Ankeny, IA. Cows were grouped and moved to different free stall barns based on 
stage of lactation, at approximately 40 and 200 days of lactation, and after they declined 
to an average daily milk yield of 45 lbs. Each free stall barn was fed a diet recommended 
for that group's stage in lactation to meet or exceed nutrient requirements based on 
National Research Council (NRC, 2001) recommendations. Cows were milked twice 
daily at 500 and 1700 hr throughout lactation. Cows in the first 30 to 40 days of lactation 
were milked twice at each time point, once at the beginning of the milking rotation, and 
then again as the last group. 
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Collections 
Blood samples were taken via jugular puncture starting at 1330 hr and ending by 1630 hr. 
For experimental group 1, samples were taken weekly from weeks 1 to 12 post 
parturition, and then monthly through week 24. A small group of cows (n = 7) were also 
blood sampled weekly four weeks prior to calving. Blood samples for experimental 
group 2 were collected weekly 4 weeks before calving through week 4 post calving. 
Samples were allowed to clot and then placed on ice. All samples were centrifuged 
within 3 hours of collection to separate serum from plasma, and serum was collected and 
stored at -80°C. 
Body condition scores (BCS) based on the 1 to 5 scale proposed by Wildman et al. 
(1982) and body weights were recorded at each blood collection, although only a limited 
number of BCS were available during early lactation. Daily milk yield was recorded 
throughout lactation. Dairy Herd Improvement Association (DHIA) test day samples 
were drawn every four weeks for measurement of milk yield, fat and protein. Milk, fat, 
and protein yield was obtained from 305 day (305-d) test day data and were utilized in 
two formats; DHIA mature equivalent (ME) 305-d measurements were adjusted to take 
into account differences due to parity, age at calving, and current stage in lactation 
(Norman et al., 1974); projected (PROD) 305-d measurements were not adjusted and 
represented actual milk yield of the represented lactation. Energy corrected milk (ECM) 
was computed by 
ECM = 0.327 x Milk PROJ (lbs.) + 12.95 x Fat PROD (lbs.} + 7.20 x Protein PROD (lbs.). 
to represent production adjusted to 3.5% fat and 3.2%protein 
(http://www.drms.org/PDF/materials/glossary.pdf). Daily milk measurements were 
averaged for each week of lactation (AWK). Cumulative weekly milk production 
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(CWK) was calculated from daily milk records, to represent production through each 
week of lactation. 
Adipose tissue biopsies were collected from experimental group 2 in accordance with a 
protocol approved by the ISU Institutional Animal Care and Use Committee (IACUC). 
Biopsies were aseptically removed from the tail-head region and immediately frozen in 
liquid nitrogen for RNA extraction. Adipose tissue biopsies were taken on days 5-7, 19-
22 and 134-142 post parturition, except only 5 cows (2 AFP cows; 3 HFP cows) had 
sufficient adipose tissue to biopsy on day 139. 
Serum Analysis 
Concentrations of nonesterfied fatty acids (NEFA), free glycerol, and triacylglycerols in 
serum were analyzed through enzymatic colorimetric methods using commercially 
available kits (NEFA: Wako Chemicals, Richmond, VA, USA; free glycerol: Sigma-
Aldrich, St. Louis, MO, USA; triacylglycerols: Pointe Scientific, Canton, MI, USA). 
Manufacturer's recommended protocols were followed in duplicate for NEFA and 
triplicate for triacylglycerols and free glycerol. Only cows from experimental group 1 
were analyzed for triglyceride differences and only samples starting at week 1 of 
lactation were used due to the limited number of precalving samples. Creatinine 
concentrations were analyzed using a modified enzymatic colorimetric method (Pointe 
Scientific, Canton, Michigan, USA). Manufacturer's recommended protocols were 
followed, except that one part 1N NaOH was added to 7 parts working reagent, and 
samples were incubated for 30 minutes at room temperature before reading as described 
by the protocol. Creatinine samples were run in triplicate. Three methylhistidine 
concentrations were performed on 60 samples by Metabolic Technologies Inc. (Ames, 
IA, USA). Samples included all cows from experimental group 2, and 6 additional 
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randomly chosen multiparous cows from each genetic line from experimental group 1. 
Samples from weeks 2, 3, and 4 post calving were analyzed. 
RNA Extraction and cDNA production 
Total RNA from adipose tissue samples was extracted by the acid guanidinium 
thiocyanate-phenol-chloroform method described by Chomczynski and Sacchi (1987}. 
The quantity and quality of RNA was calculated through spectrometry on a NanoDrop 
(NanoDrop, Wilmington, Delaware, USA) at 260nm and 280nm. One µg of RNA was 
reverse transcribed into cDNA using Bio-Rad iScript Select cDNA Synthesis Kit 
(Hercules, California, USA), following the recommended protocol. 
Quantification by RT-PCR 
Quantitative Polymerase chain reactions (gPCR) were performed using Bio-Rad iQ 
SYBR Green Supermix (Hercules, California, USA). Primers were designed to amplify 
bovine leptin, adiponectin (AdipoQ) and adiponectin receptor 2 (AdipoR2). Primer 
sequences used for gPCR are in Table 5. The gPCR program consisted of one cycle of 
denaturation (95°C for 2 min), and 40 cycles of amplification and quantification 
(denaturation at 95°C for 15 sec, annealing at 58°C for 15 sec, elongation and single 
fluorescence acquisition at 72°C for 20sec), followed by a melt curve analysis (56°C to 
96°C with a heating rate of 0.5°C/10 sec and continuous fluorescence measurements) and 
a final cooling step to 4°C. Ribosomal protein L32 (RPL32; GenBank accession number 
AV598706) was used to normalize data for starting quantity of cDNA. Primers specific 
to bovine RPL32 are in Table 5. All assays were carried out in a duplicate on 96-well 
plates. Standards for each gene were also run in duplicate on each plate to produce a 
standard curve based on log starting copy number (LSCN) of each gene. Standards were 
log dilutions of each gene of interest (108 to 102 copies), created from purified plasmid 
DNA (Promega pGEM-T Vector System 1, Madison, WI, USA) from the appropriate 
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PCR product. The log of the starting copy number (LSCN) was determined for each 
experimental sample from the standard curve generated by the regression of known 
LSCN of standards on gPCR cycle threshold. These LSCN values were used in all 
subsequent analyses. 
Data Analysis 
All data were evaluated by analysis of variance using PROC MIXED of SAS (Release 
9.1; SAS Institute, Cary, North Carolina, USA). The general analysis model included 
fixed effects of line (HFP or AFP), parity (primi- or multiparous) and the interaction of 
line-by-parity. Cow ID was included as a random effect when replicate measurements 
were taken on each sample, including analysis of NEFA, free glycerol, creatinine, 
triglyceride, and mRNA abundance of leptin, adiponectin, and adiponectin receptor 2. 
Repeated data (metabolites, BCS, body weight, AWK, and CWK milk yield) were 
analyzed separately for each time point, with the exception of data representing gene 
mRNA abundance, 3-MH and 3-MH: creatinine ratios. All time points for these latter 
traits were analyzed using a single model including line (HFP or AFP), time point (week 
2, 3, or 4 for 3-MH data; day 5, 21, or 139 for mRNA abundance), and line-by-time point 
interaction. Parity was not included in these analyses because all data were from 
multiparous cows. For analysis of mRNA abundance, RPL32 LSCN was included as a 
covariate and cow id was included as a random effect. 
Correlations of NEFA and creatinine with production traits and other indicators of energy 
metabolism were evaluated by determining Pearson correlation coefficients using the 
PROC CORR procedure of SAS (Release 9.1; SAS Institute, Cary, North Carolina, 
USA). Correlations for NEFA and creatinine were analyzed using values averaged 
across replicates. Scatter plots were also generated to visually evaluate the linearity of 
these relationships (data not shown). Due to strong observed correlations between NEFA 
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and production traits were observed, NEFA data were reanalyzed as described 
previously, except that ECMME, ECMPROJ, AWK or CWK and their interaction with 
line was added to the model as covariates. 
RESULTS 
Milk Yield 
Multiparous cows had significantly higher AWK (p <_0.001; Figure 10} and fat PROD (p 
x.05; Figure 12) than did primiparous cows. However, CWK, fat ME, milk and protein 
ME or PROJ did not differ significantly between primi- and multiparous cows (Figures 
11, 12 and 13). No significant (p>0.05} differences were observed between the AFP and 
HFP lines for milk ME, milk PROD, fat ME, fat PROJ, PROT ME, PROT PROD, ECM 
ME and ECMPROJ (Figures 1 1, 12, 13). Interactions between line and parity were also 
not significant (p>0.05) in any analysis of production traits. 
Body Condition Scope, Body Weight and Blood Metabolites 
Body condition score (BCS) analysis showed that HFP cows had significantly lower BCS 
than did AFP cows during weeks 12 and 16 (p _<0.001; Figure 14). Parity had no effect 
on BCS and there was no significant (p>0.05) interaction between parity and line. Body 
weight (BW) was not significantly different between lines and there was no significant 
(p>0.05) interaction between line and parity. However, first lactation heifers had 
significantly less body weight than multiparous cows at all time points evaluated (p 
0.001; Figure 15). 
Nonesterified fatty acids (NEFA), free glycerol, and triacylglycerols were not 
significantly different between lines or parities through week 24 (Figure 16, 17, 18). 
Circulating creatinine levels were significantly lower in AFP than HFP cows for weeks 2, 
3, and 4 (p <0.05; Figure 19), but no differences between lines in 3-MH were found 
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during the same time period (p = .8536; Figure 20). Analyzing the ratio of 3-MH to 
creatinine showed AFP cows had a higher ratio than HFP cows (p <0.05; Figure 21) at 
weeks 2, 3 and 4. 
Results of analyses of weekly NEFA concentrations with production traits included as 
covariates are in Table 6. With the exception of AWK and ECM ME, the covariates 
explained a significant portion of variation in NEFA across most time points evaluated. 
Additionally, the inclusion of CWK for weeks 6 and 7 resulted in significant (p ~.OS) 
CWK-by-line interaction and line effects. 
Analyses of creatinine with ECM ME, ECM PROD, AWK, and CWK as covariates 
removed the significant line effects at weeks 2, 3 and 4 (Appendix A), even though only 
the covariates ECM ME and ECM PROD at week 2 were significant. The CWK covariate 
explained a significant portion of the variation in creatinine concentrations during weeks 
5 through 12 (p <0.05; Appendix A), although an interaction was found during week 7 
and 24 between line and CWK (p <0.05; Appendix A). Body condition score showed the 
most significant correlations with CWK during weeks 3 through 12 (p <0.05; Appendix 
A). 
Significant correlations between NEFA and production traits were confirmed by Pearson 
correlation coefficients (Table 7). However, significant correlations between creatinine 
and production traits were sporadic, being primarily limited to weeks 2, 5, and 9 (Table 
8). There was not a weekly trend in significant correlations between creatinine and BCS 
(Table 8), and creatinine was not significantly correlated with body weight at all time 
points analyzed (Table 8). 
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Gene mRNA Abundance 
Adiponectin mRNA abundance in adipose tissue was not significantly different between 
lines or days (Figure 22). However, AdipoR2 mRNA abundance tended to be greater in 
HFP than AFP cows, with an estimated 14 fold increase (p _<0.06; Figure 22). Leptin 
mRNA abundance did not differ between lines, but there was a significant difference 
among days (p <_0.005; Figure 23). Leptin mRNA abundance decreased 20 fold from 
day 5 to day 21 and increased 10 fold from day 21 to 139 (p _<0.005; Figure 23). 
DISCUSSION 
The first objective of this experiment was to characterize the Iowa State University 
selection lines for production traits and indicators of tissue mobilization. We concluded 
from our random sample of cows that the selection lines did not significantly differ 
phenotypically for the traits in which they were selected for: fat plus protein yield. These 
conclusions are based on both 305-d DHIA estimates of projected and ME production. 
Milk yield is not a trait for which these two populations have been selected, but is highly 
correlated to both fat and protein production. Again, there was no significant difference 
in milk yield phenotype based on daily, ME and projected milk yield. Genetically, the 
selected AFP cows had significantly lower fat PTA and protein PTA (p < 0.001) than 
selected HFP cows, based on lactation records from the current lactation. A difference in 
production may not have been observed due to the small number of cows analyzed. Also, 
only 29 cows from experimental group 1 and all cows for experimental group 2 had not 
completed 305 days in milk so analyses were performed on predicted 305-d values. 
Average day in milk for computed DHIA data was 274 days. Additionally, DHIA test 
day samples can be highly variable due to the frequency in which samples are recorded. 
With no difference in milk production, it is not surprising that no differences between the 
lines were found for most indicators of adipose tissue catabolism. However, the 
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significant difference between lines for BCS at weeks 12 and 16 may indicate that body 
tissue reserves are being mobilized for a longer period of time in HFP cows compared to 
AFP cows. In fact, BCS of AFP cows appear to stabilize at approximately week 8 while 
those of HFP cows continue to decrease through week 16. The general decrease in BCS 
after calving has also been described by Wildman et al. (1982), Westwood et al. (2000) 
and Knight et al. (2004). 
Metabolite data supported the mobilization of adipose tissue during early lactation, but 
did not indicate a difference between lines. Although no difference between lines in 
NEFA concentrations was observed, the overall NEFA profile was consistent with those 
previously reported (Cokes et al., 1989; Ingvartsen and Andersen, 2000; Westwood et al. 
2000). In particular, the NEFA profile was characterized by a marked increase at 
parturition, followed by a slow decline through week 24. The immediate increase in 
NEFA concentration at parturition maybe due to the stress of calving, decreased dry 
matter intake, the immediate energy demands of lactation, or hormonal changes 
(Adewuyi et al., 2005; Bell et al., 1995; Drackley, 1999), but could also indicate a rapid 
catabolism of adipose tissue. NEFA data is supported by a slight spike in glycerol 
concentrations at parturition. Data show that there was no apparent difference in how the 
lines are utilized NEFA. Fatty acids in milk are produced from either de novo synthesis 
in the mammary tissue or from circulating NEFA (Bauman and Davis, 1974). Therefore, 
high producing cows may utilize more circulating NEFA for synthesis of milk fat. 
Although, a positive correlation between NEFA concentrations and fat PROD was seen 
through most of the first 24 weeks of lactation, which supports NEFA values increasing 
with milk fat. 
Since there was no difference in milk, fat, or protein yield between the lines, the focus 
was shifted to correlations between important indicators of tissue mobilization and milk 
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production. Many of the correlations between NEFA and BCS, body weight and milk 
production were in agreement with previous studies (Blum et al., 1983; Reist et al., 
2002). NEFA have been negatively correlated with energy balance, indicating that as 
energy balance decreases NEFA values increase (Reist et al., 2002). Glycerol had a high 
positive correlation ranging from 0.62 to 0.27 (p <_0.05; Table 7) with NEFA in weeks 1 
through 11 and then again in week 24 which supports the idea that glycerol is associated 
with adipose tissue metabolism, similar to NEFA concentrations. NEFA was only 
correlated to BCS during weeks 4, 5 and 9. BCS was positively correlated with NEFA, 
which is opposite to what is expected; body condition score should decrease as NEFA 
values increase to indicate adipose tissue catabolism. This may be because BCS is a 
categorical trait and due to limited numbers of BCS observations during early lactation. 
NEFA were highly correlated to milk production in all methods analyzed. 
Two metabolites were chosen as indicators of muscle catabolism, creatinine and 3-MH. 
creatinine is a waste product of the breakdown of creatine phosphate in muscle and is 
thought to be an indicator of total muscle mass (Braun et al., 2003). Urinary creatinine 
concentrations have been shown to increase with an increase in muscle mass in beef 
cattle (McCarthy et al., 1983; Gopinath and Kitts, 1984). In dairy cattle serum creatinine 
levels have been shown to decrease postpartum through week 12 of lactation (Blum et 
al., 1985; Phillips et al., 2003). Results from the current study showed decreased serum 
creatinine in AFP relative to HFP cows suggesting that AFP cows have less muscle mass 
than HFP cows. Thus even though significant differences in production traits were not 
found between this relatively small sample of AFP and HFP cows, differences in BCS 
and serum creatinine concentration may indicate a difference in the way these cows 
utilize body energy reserves. However, it is not clear that serum creatinine is serving as 
an indicator of muscle mass. First, there was a significant difference in body weight 
between multiparous cows and premiparous heifers through week 24, but there was no 
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parity difference in creatinine levels at any time point evaluated. Second, creatinine was 
significantly correlated to BCS during weeks 3 and 4, but this correlation was positive. 
This would not be the case if muscle is mobilized, which should decrease BCS. 
creatinine was not significantly correlated with body weight at any time point. 
Additionally, 3-MH levels were considered as an alternative indicator of muscle 
catabolism during weeks 2, 3, and 4. Three-methylhistidine is released into the blood 
during the breakdown of actin and myosin in muscle tissue, and thus can be an indicator 
of muscle mobilization. Based on the small number of 3-MH samples analyzed, there 
was no line difference in 3-MH concentration between lines. If the AFP cows actually 
moved to less muscle mass than HFP cows after week 2, then one would suspect that 3-
MH would be higher in AFP cows due to increased muscle breakdown. In addition, no 
significant correlation between creatinine and 3-MH was found. Therefore, the 3-MH 
results provide additional evidence that creatinine is not serving as an accurate indicator 
of muscle mass in this study. 
If creatinine is not an indicator of muscle mass, the interpretation of the observed 
differences between lines is not clear. However, it is interesting to note that even though 
it did not show a weekly trend, creatinine was positively correlated with ECM PROD, 
milk PROJ, PROT PROJ and fat PROD and had the strongest correlation (0.386 to 0.444), 
with PROTPROJ. Protein mobilization is a topic that is rarely considered in current dairy 
cattle research, but maybe important for future studies. 
Leptin mRNA abundance is in agreement with previous findings that leptin is highly 
expressed in bovine white adipose tissue (Chelikani et al., 2003). Even though 
significant differences were not observed between lines, leptin mRNA abundance did 
differ according to day of lactation. Circulating levels of leptin are typically positively 
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correlated with fat mass (Frederich et al., 1995) and have been associated with increased 
energy balance in dairy cattle (Liefers et al., 2003). Liefers et al. (2003) did not analyze 
BCS, so no conslusions can be drawn about how circulating levels are associated with 
body fat mass. Leptin expression in bovine adipose tissue drops sharply after animals are 
underfed and then increase upon refeeding (Amstalden, et al., 2000; Tsuchiya et al, 
1998). Results from the current study are consistent a strong relationship between leptin 
and energy balance and between leptin mRNA abundance and fat mass. However, these 
results should be considered preliminary as data represented a small sample size. 
Neither expression nor circulating levels of adiponectin have been studied in dairy cattle. 
Expression of both AdipoQ and AdipoR2 in bovine adipose tissue agrees that AdipoQ 
and AdipoR2 are similarly highly expressed in white adipose tissue of humans, mouse 
and chickens (Das et al., 2001; Kern et al, 2003; Ramachandran et al., 2006). There was 
not a line or day difference in AdipoQ mRNA abundance, but there was a line difference 
in AdipoR2 which could indicate AdipoR2 maybe associated with either milk production 
or energy balance. AdipoR2 expression decreases with increasing body weight in mice 
(Kadowaki and Yamauchi, 2005). In 3T3—L1 adipocytes AdipoR2 was upregulated by 
GH (Fasshauer et al., 2004) and cows with genetic merit for increased milk production 
had higher levels of circulating growth hormone (Lukes et al., 1989; Westwood et al., 
2000; Knight et al., 2004). Further research in AdipoQ circulating levels could be 
important to research into energy balance in dairy cattle. 
Examination of trends in indicator profiles throughout early lactation is useful for 
def Wing time points that maybe crucial to understanding tissue mobilization and energy 
balance. It is important to include samples before parturition to provide a baseline for 
comparison after the initiation of lactation, and to include the complexity of changes 
throughout the transition period. Based on the small number of cows, both NEFA and 
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glycerol showed an interesting increase from late pregnancy to early lactation. The 
transition period has long been a focus of studies examining both nutritional and fatty 
liver prevention strategies (Curtis et al., 1985; Overton and Waldron, 2004). Another 
critical time point maybe from the transition from NEB to positive energy balance. We 
know that NEB occurs during the first 8 to 10 weeks of lactation, when total milk yield 
and milk components are at their peak, has been well established by Veerkamp (1998) 
and Doepel et al. (2002). Even though the focus of this study was not on this direct time 
point, many significant correlations between NEFA and production traits were during 
times of NEB and were not significant when cows should have returned to positive 
energy balance. Furthermore, significant differences between lines occurred after cows 
were thought to be out of NEB. Additionally, changes in leptin mRNA abundance at 
time points in which cows were in negative as opposed to positive energy balance. 
From this study, we conclude that, based on a random sample of 50 cows representing the 
ISU HFP and AFP selection lines, significant differences in production phenotypes were 
not observed. However, we did observe significant differences between lines for BCS 
and serum creatinine concentration at specific time points, suggesting that there may a 
difference in the ways that cows from the two lines utilize energy reserves. Data from 
this study also provide strong evidence for significant correlations between circulating 
NEFA concentrations and production traits, indicating that cows are mobilizing adipose 
tissue to provide increased energy needs for lactation. Finally, this study provides initial, 
preliminary data describing mRNA abundance of leptin, AdipoQ and AdipoR2. 
Although these data are consistent with current literature, further investigation is clearly 
needed to more fully understand how mRNA abundance of leptin, AdipoQ, and AdipoR2 
are affected by genetic merit, tissue mobilization, or energy balance. 
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Table 3 Experimental group 2 average 305 day milk, fat and protein production and 
predicted transmitting ability (PTA) from their 1st lactation records (n=4 per line). (AFP, 
average fat plus protein; HFP, high fat plus protein) 







HFP 28,820 1,243 926 421 56 30 
AFP 25,758 936 765 -552 -13 -15 
Table 4 Experimental group 2 average 305 day predicted mature equivalent milk, fat and 
protein production and predicted transmitting ability (PTA) from the lactation through 
this experiment (AFP, average fat plus protein, n=4; HFP, high fat plus protein, n=3) 
Due to contracting mastitis, one HFP cows was dropped from phenotypic averages. 







HFP 29398 1284 894 -720 192 13 
AFP 28876 1022 819 -1086 -53 -51 
Table 5 Quantitative PCR Primers 5' — 3' 
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Table 7 Correlations of NEFA concentrations by week of lactation with bod condition score (BCS), body weight (BW), cumulative weekly milk production (CWK), ener corrected milk (ECM PROD milk gy )~ yield (MILK PROJ), fat yield (FAT PROJ), protein yield (PROT PROD) for current lactation and circulating glycerol concentrations. 
z 
-~ 
a Single measurement; b Weekly measurements; correlations com uted for in the same week p measurements 
*p<0.05; **p<0.01; ***p<0.001 
WEEK 
w 8 









1 -0.11 0.10 0.03 0.16 0.13 0.18 0.14 0.34** 
2 0.06 -0.01 0.15 0.30* 0.26 0.28* 0.30* 0.62*** 
3 0.12 -0.14 0.003 0.09 0.04 0.05 0.12 0.35* 
4 0.32 0.19 0.23 0.48*** 0.43*** 0.46*** 0.48*** 0.27* 
5 0.36* 0.46*** 0.45*** 0.44*** 0.42** 0.44** 0.42** 0.47** 
6 0.25 0.44** 0.55*** 0.49*** 0.47*** 0.46*** 0.48*** 0.56*** 
7 0.17 0.07 0.27 0.43** 0.44** 0.44** 0.38** 0.54*** 
0.24 0.39** 0.48*** 0.66*** 0.61*** 0.60*** 0.67*** 0.31* 
9 0.31 * 0.19 0.39 0.53*** 0.51 *** 0.46*** 0.55*** 0.34* 
10 0.21 0.18 0.38** 0.43** 0.43** 0.41** 0.41** 0.34* 
11 0.15 0.23 0.35* 0.43** 0.44** 0.43** 0.40** 0.41** 
12 0.12 0.21 0.34* 0.48*** 0.50*** 0.48*** 0.42** 0.24 
16 0.01 -0.09 0.26 0.29** 0.31 * 0.29* 0.26 0.09 
20 0.20 0.04 0.22 0.26 0.31 * 0.33 * 0.18 0.21 
24 0.20 0.24 0.13 0.04 0.12 0.09 -0.03 0.47* 
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Table 8 Correlations of creatinine concentrations by week of lactation with body 
condition score (BCS), body weight (BW), cumulative weekly milk production (CWK), 
energy corrected milk (ECM PROJ), milk yield (MILK PROJ), fat yield (FAT PROJ), 
protein yield (PROT PROD} for current lactation and circulating glycerol and NEFA 
concentrations. 
U 










1 0.10 0.08 0.01 0.21 0.24 0.27 0.14 0.29 0.20 
2 0.12 0.09 -0.06 0.38 0.34* 0.34* 0.39** 0.003 -0.06 
3 0.32* 0.03 0.03 0.20 0.15 0.15 0.25 0.11 0.05 
4 0.32* 0.05 0.12 0.23 0.20 0.16 0.27 0.02 0.06 
5 0.22 0.26 0.43** 0.42** 0.36* 0.37** 0.44** 0.16 0.24 
6 0.22 0.05 0.44** 0.29 0.25 0.26 0.30* 0.11 0.10 
7 0.28 0.05 0.14 0.09 0.03 0.06 0.12 0.23 0.34* 
8 0.20 0.12 0.20 0.14 0.12 0.09 0.17 0.32* 0.18 
9 0.34* 0.18 0.33* 0.31* 0.26 0.27 0.34* 0.25 0.27 
10 0.18 0.11 0.34* 0.21 0.16 0.19 0.24 0.14 0.17 
11 0.22 0.28 0.25 0.11 0.09 0.13 0.09 0.51*** 0.23 
12 0.13 0.05 0.14 0.15 0.10 0.11 0.18 0.13 0.43 * 
16 -0.03 0.12 0.21 0.11 0.10 0.10 0.11 0.10 0.07 
20 -0.16 0.15 0.38** 0.12 0.11 0.17 0.08 0.18 -0.001 
24 0.004 0.17 0.06 -0.07 -0.05 -0.06 -0.09 0.21 0.11 
a Single measurement; b Weekly measurements; correlations computed for measurements 
in the same week 
*p<0.05; **p<0.01; ***p<0.001 
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Figure 10 Daily milk yield averaged per week of lactation by line (AFP, average fat plus 
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Figure 11 Average 305-d milk yield estimates by line (AFP, average fat plus protein; 
HFP, high fat plus protein) and parity (1, premiparous; >l, multiparous). ME, mature 
equivalent, adjusted for age at freshening, frequency of milking and calving season. 
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Figure 12 Average 305-d fat yield estimates by line (AFP, average fat plus protein, HFP, 
high fat plus protein) and parity (l, premiparous; >1, multiparous). ME, mature 
equivalent, adjusted for age at freshening, frequency of milking and calving season. 
PROD, projected, have not been adjusted and reflect the current lactation. Protein 





































Figure 13 Average 305-d energy corrected milk (ECM) estimates by line (AFP, average 
fat plus protein, HFP, high fat plus protein) and parity (l, premiparous; >1, multiparous). 
ME, mature equivalent, adjusted for age at freshening, frequency of milking and calving 
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Figure 14 Least square means by week prior to or post calving for body condition score 
(BCS) by line (AFP, average fat plus protein, HFP, high fat plus protein) adjusted for 
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Figure 15 Average body weight by line by week prior to or post calving (AFP, average 
fat plus protein; HFP, high fat plus protein) and parity (l, premiparous; >l, multiparous) 
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Figure 16 Least square means by week prior to or post calving for serum nonesterified 
fatty acid concentration (NEFA) by line (AFP, average fat plus protein, HFP, high fat 
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Figure 17 Least square means by week prior to or post calving for serum free glycerol 
concentration by line (AFP, average fat plus protein, HFP, high fat plus protein) adjusted 
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Figure 18 Least square means by week prior to or post calving for serum triglyceride 
concentrations by line (AFP, average fat plus protein, HFP, high fat plus protein) adjusted 
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Figure 19 Least square means by week prior to or post calving for serum creatinine 
concentrations by line (AFP, average fat plus protein, HFP, high fat plus protein) adjusted 
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Figure 20 Average serum 3-methylhistidine concentrations for weeks 2, 3, and 4 post 




























Figure 21 Average serum 3-methylhistidine/creatinine concentrations for weeks 2, 3, and 
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Figure 22 Average adiponectin and adiponectin receptor 2 mRNA abundance by line 
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Figure 23 Average leptin mRNA abundance by day (AFP, average fat plus protein, HFP, 
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Figure 24 Average body condition score (BCS) for experimental group 2 on days of 
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CHAPTER 3: 
FINAL CONCLUSIONS AND FUTURE GOALS 
The main objective of this study was to characterize the Iowa State University selection 
lines for production traits and factors that are associated with adipose and skeletal muscle 
catabolism. From the small sample of cows chosen to represent the two selection lines, 
high fat plus protein (HFP} and average fat plus protein (AFP), we did not see phenotypic 
differences in milk, fat, or protein yield. However, least square means showed that 
chosen HFP cows had significantly higher fat yield predicted transmitting ability (PTA) 
and protein yield PTA (p _<0.01) than AFP cows. 
With no difference in milk production, it was not surprising that body condition score 
(BCS) was the only adipose tissue catabolism factor that indicated that HFP cows were 
mobilizing more adipose tissue than AFP cows. However, nonesterified fatty acids 
(NEFA) were significantly correlated with milk production traits, including both yield 
and components. On the other hand, NEFA was positively correlated with BCS at weeks 
4, 5, and 9 which is opposite of what should be happening if adipose tissue is being 
mobilized. 
Of the two indicators of muscle tissue catabolism chosen, creatinine was significantly 
different between lines, while 3-MH concentration did not significantly differ between 
lines. During weeks 2, 3, and 4 of lactation HFP cows had significantly higher levels of 
creatinine than AFP cows. However, this brought up the question if creatinine was 
actually indicating total muscle mass among the sample of cows. Supporting evidence 
that creatinine was not indicating total muscle mass was that primiparous cows were 
significantly lower in body weight than multiparous cows through week 24, but there was 
no significant parity difference for creatinine. Additionally, creatinine was not 
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significantly correlated with body weight or body condition score through week 24 of 
lactation. 
Adiponectin receptor 2 (AdipoR2) in.RNA abundance was significantly higher in HFP 
cows than AFP cows. A difference in phenotypic milk production was not found, but this 
could be the result of genetic variation. Leptin mRNA abundance was not significantly 
different between lines but was significant between days. Energy balance should change 
from negative to positive from day 21 to day 139, which could have influenced the day 
difference in leptin mRNA abundance. 
The idea that energy balance is different between cows of varying genetic merit of milk 
yield is still a promising research goal, even though sufficient evidence for differences in 
energy balance was not found in the current study. Changes could be made to the current 
experimental model could increase between lines. Additionally, changes could have been 
made to help prove that indicators of adipose and muscle tissue catabolism could be used 
to indicate differences in energy balance. Changes could be number of cows utilized, 
changes in the genetic selection procedure or changes in cows chosen for the experiment. 
Increasing the number of cows in both experiments would increase statistical power to 
detect differences. Increasing numbers in experimental group 2 could be difficult in a 
large animal model with so many environmental factors that cannot be controlled. The 
modification in genetic selection procedures could also increase the differences in 
phenotypic performance between lines. Finding a way to some how incorporate selection 
based on fat plus protein on the female side, phenotypic differences may increase to 
levels that would show differences in factors changed by adipose and muscle tissue 
metabolism. This is very hard in the dairy industry due to decreased chances for 
voluntary culling based on production as discussed in the review of Literature. 
~s 
Alteration in how cows were chosen to represent the lines could have also been beneficial 
to the experiment. Cows and first lactation heifers were chosen in order from when they 
calved at the start of the experiment, due to time constraints. If cows that were chosen to 
included only first parity heifer or cows beyond first parity some effects of growth, age or 
parity effects could have been minimized. Choosing cows in a smaller time frame could 
have decreased effect due to season. This could be difficult due to time constraints or the 
amount of cows available in the selection herd. 
This study was preliminary and shows promise for additional studies to branch off from 
information found. Correlations between NEFA and production traits show that as cows 
increase in milk production, adipose tissue is being mobilized. How does adipose tissue 
mobilization affect health or fitness traits? Adiponectin receptor 2 mRNA abundance 
differences between lines could be associated with higher levels of growth hormone in 
high producing cows. Studies could be set up to include treatments with increased levels 
of growth hormone in dairy cows to see the affect on AdipoR2 mRNA abundance in 
adipose tissue. This study could include how growth hormone might affect the profile of 
circulating adiponectin concentrations through lactation. Further research could utilize 
the significant difference that the day of adipose tissue collection affected leptin mRNA 
abundance. Supplementary studies could try to link leptin mRNA abundance to changes 
in energy balance, differences in milk yield and components. 
Future research in other areas may also help to support results found and to expand past 
the hypothesis that high producing cows show greater mobilization of body energy 
reserves, potentially contributing to compromised fitness traits. Potential research could 
include using calculated energy balance as opposed to indicators of energy balance or the 
use of additional methods of measuring muscle tissue catabolism. 
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Measuring feed intake so that energy balance could be correctly calculated may have 
shown significant differences in energy balance or tissue mobilization between lines. 
Relying on correlations with factors that are associated with energy balance may not have 
enough power to detect what is actually happening with energy balance. This could only 
occur if facilities are available to correctly measure feed intake on an individual cow 
level and sufficient labor sources are accessible. 
A good deal of information on muscle tissue catabolism was not found in the current 
study. Partially due to the question of creatinine being an indicator of muscle mass could 
open the door to many research options to push judgment in the true direction. One idea 
would be to use ultra sound technology to measure loin muscle diameter through out 
lactation and try to correlate it with serum or urine creatinine concentrations. Ultrasound 
measurements have proved useful in other livestock species including beef cattle and hog 
production. This idea could also help answer the question of how muscle tissue 
catabolism is affected by line or milk production. Some ultrasound work looking at 
subcutaneous fat level but no work has been done on muscle reserves in dairy cattle. 
With little current research and information on protein catabolism during lactation the 
way dairy cows use muscle tissue for energy could prove to be an interesting research 
topic. 
Research in differences in energy balance and tissue~catabolism in diary cattle is far from 
knowing all the answers. Information that is found on the road to finding the answers 
will prove to be beneficial to not only the research community but also the dairy industry. 
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